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1. (1) $f$ : $\mathcal{X}arrow$ SpecZ $\mathcal{X}$ $f$
kawaguch$(()math$ . sci.osaka-u.ac.jp
1
1731 2011 175-190 175
(2) $\mathcal{X}_{\mathbb{C}}$ $:=\mathcal{X}\cross Spec\mathbb{Z}Spec\mathbb{C}$ $\mathcal{X}$
$p$ $(Z,g)$ $Z$ $\mathcal{X}$ $p$ $g$
$\mathcal{X}(\mathbb{C})$ $(p-1,p-1)$ $C^{\infty}(p,p)$ $\omega$
$dd^{c}g+\delta_{Z(C)}=[\omega]$ $g$ $F_{\infty}$ : $\mathcal{X}(\mathbb{C})arrow \mathcal{X}(\mathbb{C})$
$F\infty*g=(-1)^{p-1}g$
(3) $\mathcal{L}_{\mathbb{C}}:=\mathcal{L}\otimes_{\mathbb{Z}}\mathbb{C}$ $\overline{\mathcal{L}}=(\mathcal{L}, \Vert\cdot\Vert)$ $\mathcal{X}$ C$\infty$- $\mathcal{L}$
$\mathcal{X}$
$\Vert\cdot\Vert$ $\mathcal{L}_{\mathbb{C}}$ C$\infty$ -






2(Ullmo, Zhang). $K$ $\overline{K}$ $K$ $A$ $K$
$Y$ $A_{\overline{K}};=A\cross SpecK$ SpecK $\hat{h}_{NT}$ : $A(\overline{K})arrow \mathbb{R}$
Ne’ron-Tate
(1) $Y$ $Y=B+t(B$ $A_{\overline{K}}$
$t\in A(\overline{K})$ )
(2) { $y\in Y(\overline{K})|y$ } $Y$ Zariski
(3) $\epsilon>0$ $\{y\in Y(\overline{K})|\hat{h}_{NT}(y)<\epsilon\}$ $Y$ Zariski
3. (1) (2) N\’eron-Tate
O (2) (3) 2
(3) (1) (2) (1)
Manin-Mumford (Raynaud ) $B$ ogomolov
Manin-Mumford
1( Bogomolov $***$ ). $K$ $\mathbb{C}$
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4. Bogomolov ( 1)
$K$ $\mathbb{C}$ $\mathbb{C}$
$A_{0}$ $A=A_{0}\cross s_{pec\mathbb{C}}SpecK$
$z\in A_{0}(\mathbb{C})$ $\hat{h}_{NT}(z)=0$ Bogomolov $A$
$Y$ $\dim Y=1$ $Y/K$ non-isotrivial
(1) $\dim Y=1$ ([421, [431, [44] )
( $K$ (3) $\epsilon$
). Cinkir [17] $\dim Y=1$
(2) Gubler [31] $Y$ totally degenerate reduction
Gubler Berkovich
(3) [59] Gubler [31] $Y$ Bogomolov
2 2
$A$ 2 [2] : $Aarrow A$ (
$)$ $X$ $f$ : $Xarrow X$ Zhang
2
5( ). $K$ $X$ $K$ $f$ : $Xarrow X$ $L$ $X$
$(X, f, L)$ $K$ (polarized dynamical system)
$f^{*}L\cong L^{\otimes d}$ $d\geq 2$
6. (1) $A$ [2] : $Aarrow A$ 2 $L$ $[-1]^{*}L\cong L$
$(A, [2], L)$ $[$2$]^{*}L\cong L^{\otimes 4}$








$(X, f, L)$ $K$ Neron-Tate
$\hat{h}_{f}$ : $X(\overline{K})arrow \mathbb{R}$ ([11], [64] ).
Zhang [64] 2 $(A, [2], L)$ $(X, f, L)$
Bogomolov
2(Zhang $B$ogomolov $***$ ). $K$ $\overline{K}$ $K$
$(X, f, L)$ $K$ $Y$ $X_{\overline{K}}:=X\cross SpecKSpec\overline{K}$
$\hat{h}_{f}$ : $X(\overline{K})arrow \mathbb{R}$ $f$
(1)
(i) $\epsilon>0$ $\{y\in Y(\overline{K})|\hat{h}_{f}(y)<\epsilon\}$ $Y$ Zariski
(ii) { $y\in Y(\overline{K})|y$ $f$ } $Y$ Zariski
(2) (i) ( [61] )
(iii) $Y$ $f$
7 (1) ([64]) (2)
(Ghioca-Tucker )
(2) Bogomolov $(X, f, L)$ $(G_{m}^{n}$
) Mimar
[40] Bogomolov :
$X=\mathbb{P}^{1}\cross \mathbb{P}^{1},$ $f=(f_{1}, f_{2}),$ $L=\mathcal{O}_{P^{1}}(1)$ $O_{P^{1}}(1)$ $f_{1}$ : $\mathbb{P}^{1}arrow \mathbb{P}^{1}$ $f_{2}$ : $\mathbb{P}^{1}arrow \mathbb{P}^{1}$
3







2(A) $A$ 2 $(A, [2])$




[60] $(X, f, L)$
(A) $Szpiro-Ullmo-Zhang[56]$
(B) $f$
(Briend-Duval [10], Dinh-Sibony [22] )
(A) (B)




$A$ $\mathbb{C}$ $V$ $A$ $\gamma\in A(\mathbb{C})$
$f$ : $Aarrow A$ $\gamma$







3( Mordell-Lang ( $*$ $?$), Bell, Ghioca, Tucker
$)$ . $X$ $\mathbb{C}$ $V$ $X$ $f$ : $Xarrow X$
$P\in X(\mathbb{C})$











Zieve [30, Theorem 1.1]
8 $(Ghioca-Tucker-Zieve[30])$. $f,g\in \mathbb{C}[x]$ 2 $P,$ $Q\in \mathbb{C}$
$\{f^{k}(P)|k\geq 1\}\cap\{g^{k}(Q)|k\geq 1\}$
$m$ $n$ $f^{m}=g^{n}$








$\mathbb{Z}_{\geq 0}$ $S$ p-nested $e\geq 1$ $d\geq 1$
$c_{0},$
$\ldots,$
$c_{d}\in \mathbb{Q}$ $(p^{e}-1)c_{i}\in \mathbb{Z}(i=0,\cdot\ldots, d)$ $c_{0}+c_{1}+\cdots+c_{d}\in \mathbb{Z}$
$c_{i}\neq 0(i=1, \ldots, d)$
$S=\{c_{0}+c_{1}p^{k_{1}e}+\cdots+c_{d}p^{k_{d}e}|k_{1}, \ldots, k_{d}\in \mathbb{Z}_{\geq 0}\}\cap \mathbb{Z}\geq 0$
4( $p>0$ Mordell-Lang ( $*$ $?$ ),
Bell [4] ). 3 $\mathbb{C}$ $p>0$













5 $(^{***})$ . $2$ $B$erkovich pluri-potential
10. 1 $B$ erkovich potential $B$ aker-Rumely [31, Thuillier [57]




). Gubler [31] totally degenerate reduction
$B$erkovich Zhang [62]
metric $B$ aker-Norine [21
Riemann-Roch ( [38], [26] )
$B$erkovich
4
$f$ : $\mathbb{P}^{N}-*\mathbb{P}^{N}$ $K$ $I(f)$ $f$
$K$ $\overline{K}$
11. (1) $x\in \mathbb{P}^{N}(\overline{K})$ $f$ (periodic) $k\geq 0$
$f^{k}(x)\not\in I(f)$ $m\geq 1$ $f^{m}(x)=x$
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(2) $x\in \mathbb{P}^{N}(\overline{K})$ $f$ (preperiodic) $k\geq 0$
$f^{k}(x)\not\in I(f)$ $m>n\geq 1$ $f^{m}(x)=f^{n}(x)$
$L(\subseteq\overline{K})$ $K$
Per $(f,L):=\{x\in \mathbb{P}^{N}(L)|x$ $f$ $\}$ ,
PrePer$(f, L)$ $:=\{x\in \mathbb{P}^{N}(L)|x$ $f$ $\}$
12. $K$ $L/K$
(1) $f$ PrePer $(f, L)$ ([11] ).
(2) $f$ PrePer $(f, L)$ ([36] ).
6 $(^{**})$ . $K$ $L/K$ PrePer$(f, L)$
$f$
13. (1) 7 $f$ ( non-trivial
)
(2) $f$ PrePer $(f, \mathbb{Q})$
$f;\mathbb{P}^{2}-*\mathbb{P}^{2}$ , $(x:y;z)\mapsto(x^{2}+yz;yz;z^{2})$
( ?) PrePer $(f, \mathbb{Q})$
PrePer $(f, \mathbb{Q})$ 2
([41] )
(3) $\epsilon$
$f_{\epsilon}:A^{2}-*A^{2}$ , $(x, y)\mapsto(y+1-\epsilon,$ $x \frac{y-\epsilon}{y+1})$
$\mathbb{C}$ ([1], [21] ).
(Cantat ).
14. (1) $\mathbb{Q}$ $L(\subseteq\overline{K})$ $[L:\mathbb{Q}]=\infty$
$f$ : $\mathbb{P}^{N}arrow \mathbb{P}^{N}$ PrePer$(f, L)$ Dvomicich-
Zannier [23], [24] Narkiewicz
8
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(2) $K$ $\mathbb{Q}$ $f$ : $\mathbb{P}^{N}arrow \mathbb{P}^{N}$
PrePer$(f, K)$ ([45] ).
7 $(^{*})$ . $\mathbb{C}$ $L$
$f$ : $\mathbb{P}^{N}arrow \mathbb{P}^{N}$ PrePer $(f, L)$
15. $L$ $\mathbb{Q}$ Dvornicich-Zannier
$\mathbb{Q}$ Dvornicich-Zannier
5 Arakelov
$\mathcal{X}$ $\overline{\mathcal{L}}=(\mathcal{L}, \Vert\cdot\Vert)$ $\mathcal{X}$ Gillet-Soul\’e
Arakelov C$\infty$ - ( )
Arakelov
Arakelov $C$0- ( ),
($C^{0}$ ) Yuan [60], Moriwaki
[47], [48], Chen [13], [14]
[49]
$\mathcal{X}$ $\overline{D}=(D,g)$ $\mathcal{X}$ $C^{0}$ - $\mathbb{R}$-
$\overline{D}$ pseudo-effective $C^{0}$ - $\mathbb{R}$- $\overline{D}+\overline{A}$
$\varphi_{1}$ , . .. , $\varphi_{l}\in$ Rat $(\mathcal{X})_{\mathbb{R}}^{\cross}$ $\overline{D}$
$\epsilon>0$
$n0\in \mathbb{Z}>0$ $H^{0}(\mathcal{X}, nD)\neq 0$ $n\geq n_{0}$ $a_{1},$ $\ldots,$
$a\iota\in \mathbb{R}$
$D+(\varphi_{1}^{a_{1}}\cdots\varphi_{l}^{a_{l}})_{\mathbb{R}}\geq 0$
$\Vert\varphi_{1}^{a_{1}}\cdots\varphi_{l}^{a\iota}\Vert_{ng,\sup}\leq e^{\epsilon n}\min\{\Vert\phi\Vert_{ng,\sup}|\phi\in H^{0}(\mathcal{X}, nD)\backslash \{0\}\}$




9( $*$ ). $D_{\mathbb{Q}}$ $\overline{D}$
16. 8, 9 ( $*$ )








[27] $\overline{\mathcal{L}}_{i}$ C$\infty$ - $\hat{c}_{1}(\overline{\mathcal{L}}_{1})\cdots\hat{c}_{1}(\overline{\mathcal{L}}_{d+1})$
Zhang[63] $\overline{\mathcal{L}}_{i}$ 2 CO-
$\hat{c}_{1}(\overline{\mathcal{L}}_{1})\cdots\hat{c}_{1}(\overline{\mathcal{L}}_{d+1})$ (Gillet-Soul\’e
) Maillot [35] CO-
(
$d=2)$ Bost [9] $\overline{\mathcal{L}}_{i}$ $L_{1}^{2}$
Lefschetz Chen[15]
$\overline{\mathcal{L}}$ CO- positive intersection product $\langle\hat{c}_{1}(\overline{\mathcal{L}})^{d+1}\rangle$
Chinburg-Lau-Rumely [16’, \S 4]
$\overline{\mathcal{L}}_{i}$ $\hat{c}_{1}(\overline{\mathcal{L}}_{1})\cdots\hat{c}_{1}(\overline{\mathcal{L}}_{d+1})$
Arakelov
$X$ $K$ $L$ $X$ $K$
$v$ $\Vert\cdot\Vert_{v}$ $(L, \{\Vert\cdot\Vert_{v}\}_{v})$
adelically metrized Zhang [63] $\Vert\cdot\Vert_{v}$ (




11 (Chinburg-Lau-Rumely $(*$ $?$)). integrable
adelically metrized adeltc
18. Soul\’e [55, Introduction 1.51 Arakelov adelic adelic
geometry [16, \S 41 capacity
$\Vert\cdot\Vert_{v}$ adelically metfized adelic
6
[54]
$d\geq 1,$ $N\geq 1$ $k$ $\varphi=$ $(\Phi_{0}:...:\Phi_{N})$ : $\mathbb{P}^{N}arrow \mathbb{P}^{N}$ $k$
( ) $d$ $\Phi_{i}\in k[X_{0}, \ldots, X_{N}]$ $d$
$\Phi_{0},$
$\ldots,$
$\Phi_{N}$ $(0, \ldots, 0)$





$\Phi_{N}$ $R$ $R$ $\Phi_{i}$




$SL_{N+1}$ $\mathbb{P}^{M}$ $Mor_{d}^{N}$ Mumford
GIT $SL_{N+1}$ $\mathbb{P}^{M}$ $(\mathbb{P}^{M})^{s}$







19 (McMullen[37], Milnor[39], Silverman[53], DeMarco[18], Levy[34], $\ldots$ ).
(1) (LeVy) Mor$dN\subseteq(\mathbb{P}^{M})^{s}$ geometric quotient $M_{d}^{N}=$ Mor$dN/SL_{N+1}$
$(\mathbb{P}^{M})^{s}$ $(\mathbb{P}^{M})^{ss}$ $SL_{N+1}$ $\overline{M_{d}^{N^{s}}}$ $M_{d}^{\overline{N}^{ss}}$
(2) $N=1$
(a) (Silverman) $d$ $(\mathbb{P}^{M})^{s}=(\mathbb{P})^{ss}$
(b) (LeVy) $M_{d}^{1}$
(c) (Milnor, $S$ ilverman) $\varphi$ $\in$ $Mor_{2}^{1}$ $\varphi$ 3 multi-
plier $\lambda_{1}(\varphi),$ $\lambda_{2}(\varphi),$ $\lambda_{3}(\varphi)$ $\sigma_{1}(\varphi)$ $=\lambda_{1}(\varphi)+\lambda_{2}(\varphi)+\lambda_{3}(\varphi)$ ,
$\sigma_{2}(\varphi)=\lambda_{1}(\varphi)\lambda_{2}(\varphi)+\lambda_{2}(\varphi)\lambda_{3}(\varphi)+\lambda_{3}(\varphi)\lambda_{1}(\varphi)$ $\varphi$
$(\sigma_{1}(\varphi), \sigma_{2}(\varphi))$ $f=(\sigma_{1}, \sigma_{2})$ : $M_{2}^{1}arrow A^{2}$
(d) (Silverman) $A^{2}arrow \mathbb{P}^{2}$ $f$ $\overline{M_{2}^{1^{S}}}=$
$M_{2}^{\overline{1}^{ss}}arrow \mathbb{P}^{2}$
(e) (McMullen) $\varphi\in$ Mor$d1$ (C) $\varphi$ $n$
$f_{n}$ : $M_{d}^{1}arrow A^{L}$ $n$
$f_{n}$ $n$
Latt\‘es ( ) $M_{d}^{1}$
$f_{n}$
(f) (DeMarco) $[\varphi]\in M_{d}^{1}$ $[\varphi^{m}]\in M_{d^{m}}^{1}$ $M_{d}^{1}arrow M_{d^{m}}^{1}$





12 ([33] $(*$ $**$?)). $d,e,$ $\geq 2$ $\varphi_{1}\in Mor_{d}^{N}$ , $\varphi_{2}\in Mor_{e}^{N}$ $\overline{\mathbb{Q}}$
$\hat{h}_{\varphi:}$ $\overline{d}([\varphi_{1}], [\varphi_{2}]):=\inf_{\mu\in SL_{N+1}(\overline{\mathbb{Q}})}\Vert\hat{h}_{\varphi_{1}}-\hat{h}_{\varphi_{2}^{\mu}}\Vert_{sup}$
inf $\mu$ $\overline{d}$ : $M_{d}^{N}\cross M_{e}^{N}arrow \mathbb{R}$ Northcott
$M_{d}^{\overline{N}^{ss}},M_{e}^{\overline{N}^{ss}}$
13 ( $*$ $**$ ?). $\overline{h}([\varphi]):=\inf_{\mu\in SL_{N+1}(\overline{\mathbb{Q}})}h(\varphi^{\mu})$
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